QRS amplitude decreases with age leveled off at the sixth decade of life, they continued to old age for ST-T measurements. Men revealed steeper age trends than women. Blacks had larger QRS amplitudes and smaller Q/R ratios than whites.
Stratification of electrocardiographic criteria according to age, sex, and race appears essential for routine interpretations and for epidemiological studies where new events, such as myocardial infarcts, need to be differentiated from normal age trends.
fluence upon such limits and significantly affect ECG interpretations.
Extensive cross-sectional studies on conventional 12-lead ECGs reported by Simonson' and several longitudinal and epidemiological studies2-8 clearly demonstrated that ranges of normal may be considerably reduced by incorporation of information on constitutional variables such as age, sex, race, and body weight. Narrower ranges, by minimizing the overlap between normal and abnormal, should result in a substantial improvement in diagnostic ECG classification and interpretation.
In the present report, extensive correlations are described between Frank-lead ECGs9 obtained from 450 normal women and the following constitutional variables: age, race, weight, height, and chest configuration. The results are com-pared with similar correlations reported previously"0 from normal men in order to determine sex differences.
The Frank-lead system was selected for the study because of its increasing use, particularly in large-scale epidemiologic studies. Reduction of redundancy with consequent reduction of measurements and data makes it more suitable for quantitative and statistical evaluations. Furthermore, use of more accurate information obtained with corrected leads eliminates some of the electrical distortions of the conventional 12-lead ECG. This in itself has caused reduction of many normal ranges which will be further reduced by stratification of data according to constitutional variables.
Material and Methods
Subjects included in this study were 450 normal women ranging in age from 18 to 90 years. Methods of data acquisition and the normal limits of the orthogonal ECG (Franklead system) for this series have been reported in detail previously." Selection of cases was based on a complete history and physical examination. All subjects were excluded who had cardiovascular diseases and other disorders which might affect the cardiovascular system, such as hypertension (mean supine systolic blood pressure > 150 mm Hg and diastolic blood pressure > 90 mm Hg); diabetes mellitus; metabolic and endocrine disorders; pulmonary, renal, and collagen vascular diseases; anemias; and chest deformity. None were on specific medications known to affect the cardiovascular system. Laboratory data and/or chest X-rays, when available, had to be normal for these subjects to be included in the study. Heart rate ranged from 52 to 108 beats per minute; all records with arrhythmias and/or ventricular conduction defects (QRS duration of 0.112 sec or more)" were excluded.
Frank chest electrodes were placed at the level of the fifth intercostal space in the supine position, and x, y, and z leads were recorded simultaneously on FM magnetic tape. Methods of analog-to-digital data conversion and computational procedures have been described in detail previously. 1, 13 A Control Data Corporation 3200 digital computer was used to obtain 276 different scalar and vector measurements from each record, comprising practically all parameters ever advocated for ECG interpretation. For QRS amplitude measurements, PR segment, and for P, ST and T measurements, the T-P interval served as reference level. Amplitudes of real-time instantaneous vectors were determined at 0.01-second intervals from onset and from the end of QRS and at 0.02-second intervals during the ST segment. Time-normalized instantaneous vectors were also determined by dividing the total duration of QRS and ST-T complexes into eight equal time segments. '4 ECG notations and angular scale used were those recommended by the American Heart Association's Committee on Electrocardiography.'5 The left sagittal plane was used.
Correlations with age were made in five subgroups. The age and race distribution is shown in table 1. For correlations with weight, the histogram of weight distribution was divided into four equal parts. The following weight ranges were obtained: I) up to 109 pounds, 2) 110 to 134 18-29  83  62  145  30-39  38  30  68  40-49  83  22  105  50-59  70  12  82  > 60  35  15  50   Total  309  141 The most important age trend was a decrease in amplitude. This could be seen in all scalar deflections except Rx, which actually showed a small and statistically insignificant increment.
The mean Q, amplitude was significantly smaller in the older as compared to the younger subjects. This wave was absent in 1% of normal women over age 40. In the oldest subgroup, the upper normal limit of Ry amplitude was 71% and R, amplitude was 80%, the mean Tx amplitude was 68% and Ty amplitude was 72% of the respective values in the youngest subjects. Comparable differences existed also in Max QRSxYz, Max QRSxy, and Max QRSyz amplitudes. The Max T.yz and Max T5Y amplitudes decreased with age in a similar fashion.
Age differences in time-normalized instantaneous QRS and ST-T vectors are shown in figures 1 and 2, respectively. As seen in these illustrations, the maximum differences between the young and old age groups are to be found in the peaks of the R waves and in the interval between the end of the ST segment and the peak of the T wave.
The relative magnitude of age changes through all decades is shown for both QRS and ST-T in figure 3 A QRS axis shift toward the left and superiorly constituted another prominent age trend and was reflected in the scalar leads by an increase in R. and a decrease in R, amplitude. The lower limit of the maximal QRS vector angle in the frontal plane was 18°in the age group 18 to 29 but only 30 in the age group from 60 to 90 years. An anterior shift in the horizontal plane could be found with aging in white females but not in blacks.
The ST segment revealed a rightward and superior dis- In whites, the upper normal limit of the Q. amplitude reached 22% of the following R. amplitude, and Qy reached 25% of the Ry amplitude. The respective values were 14 and 18% in blacks.
The lower limit of the R/S amplitude ratio in lead x was 1.00 in whites but 1.86 in blacks.
The mean direction of the maximal QRS vector was more inferior and posterior in whites; and that of the maximal T vector, more anterior.
The mean durations of the P wave and Q, were significantly longer, and QRS duration was significantly shorter in the black group.
Correlations with Body Weight
The effect of body weight on the ECG closely paralled that of advancing age. For many items, especially ST-T measurements, however, correlation coefficients did not reach a level suitable for tabulation. The effect of relative increase in sagittal as compared to horizontal chest diameter on the ECG was similar to that of increasing age and body weight. Correlations, however, were low, and a separate tabulation of results was omitted.
Discussion
Among constitutional variables, age has been found by practically all investigators to be the most important factor to influence the ECG. A decrease in amplitudes and left QRS axis shift with age have been found in both crosssectional and longitudinal studies of the conventional ECG.'-8 Borun et al. found decreases in scalar deflections of Frank orthogonal leads in aging men.'7 Pipberger and associates pointed out that age and race were the most important factors influencing the ECGs of normal men.10 A decrease in Frank vector magnitudes with advancing age has been found by von der Groeben et al."8 and by Ishikawa'9 in both male and female age groups.
The importance of age in the ECG of women has been further asserted in the present study, where 49% of 276 ECG measurements revealed significant correlations with this variable. A decrease in amplitudes and left QRS axis shift constituted the most prominent age trends. As seen in figure  3 , amplitude changes were already significant in women after age 30 . In general, a decrease at an average rate of 3.5% per decade for QRS and 4.5% per decade for ST-T measurements could be found in this group, with no further decline in QRS amplitudes beyond the sixth decade of life.
In men, a steeper amplitude decrease, at an average rate of 6.5% for QRS and 9.75% for ST-T measurements for each decade of adult life, has been found."0 Since young men usually demonstrate higher ECG voltages than women, their steeper age changes may lead to equalization of amplitudes between both sexes at a later age. It is pertinent to note that in the Tecumseh population studied by Ostrander et al., sex differences in the ECG amplitudes were less pronounced among persons over 50 years of age. 7 Amplitude decreases with age underline the importance of age specific limits in diagnosis of ventricular hypertrophies and myocardial infarctions. For example, the upper normal limit of R, amplitude was 1.25 mV in the 18 to 29 age group, but 1.00 mV from ages 60 to 90. The application of the former limit in the diagnosis of left ventricular hypertrophy in a sample of older individuals may result in a high rate of false negatives. Conversely, the latter limit may lead to a large number of false positives if used in a sample of younger subjects.
The small initial anterior QRS forces in old age and the absence of a Q wave in lead z in some women over age forty pose a problem in differentiation of normal records from those with anteroseptal myocardial infarctions. In men, a similar age trend has been reported; however, a Q in lead z always has been found.10 Race exerted a major influence upon the ECG of women as it did among men. QRS amplitudes were larger and QRS durations were shorter in blacks. Q/R amplitude ratios which exceed most other Q-wave measurements in the diagnosis of myocardial infarctions30-33 were found significantly smaller in blacks in leads x and y. Diagnostic implications of these findings are self-evident. The less anterior direction of the maximal T-vector angle in the horizontal plane in blacks confirms the reports of a higher incidence of flat or inverted T waves in the right chest leads in this group.
The reason for racial differences in the ECG is not known. The shorter QRS duration in blacks suggests differences in the ventricular activation pattern. The larger amplitudes may indicate that the same number of cardiac fibers need to be activated in a shorter period of time.10 There is little factual evidence to confirm or refute these hypotheses. It is pertinent to note that similar differences in the ECG of normal men and women have been found with smaller amplitudes and shorter QRS durations in the latter,1' both of which are explicable by the smaller heart size in women.34' Figure 4 represents a typical example of sex-race differences in the QRS amplitudes. As shown, amplitudes are the largest in black men and the smallest in white women. Voltage values in black females approach those of white males. The implications of these findings in ECG interpretation involving voltage criteria are self-explanatory.
As with men,10 ECG changes with increments in body weight were of limited significance in women and resembled largely those of advancing age. At least part of this similarity could be accounted for by the fact that aging was commonly associated with weight gain. In the present series, mean body weight increased from 132 pounds to 146 pounds over the total age range.
The small number of weak correlations found with chest configuration and height in our study contrasts with data recently published by Ishikawa Aside from applications in routine ECG interpretation, stratified limits may have a great impact on epidemiological studies of cardiovascular diseases. For example, in longitudinal studies of a normal population sample, deviations from the average aging trend may predict the development of cardiovascular events at a later age.
with normal sinus rhythm with a PI-R interval equal to the H-V time. BH stimulation at a constant cycle length, but at a slightly distal site, abolished the LBBB (constant or rate related) and resulted in narrow QRS complexes (_ 95 msec) with a PI-R interval shorter than the H-V time by 5 to 20 msec. In the two patients with isolated LAD, BH stimulation abolished LAD with a PI-R interval identical to the H-V time. These findings suggest that a bundle branch block pattern and/or axis deviation may result from a focal lesion or an area of altered refractoriness within the BH. The duration of the QRS complexes and/or a shift in QRS axis was normalized by BH stimulation distal to the lesion due to synchronous impulse conduction to both the bundle branches. activation wavefront leaving the sinus node, atrium and A-V node are predestined for specific areas of ventricular myocardium.2 It was further postulated that the propagation wavefront may be altered in the His bundle (BH) by physiological influences or by focal disease and result in any form of bundle branch block, ventricular aberration and preexcitation. They do admit that their observations provide an anatomic substrate for the concept of longitudinal dissociation of conduction within the His bundle, under both normal and pathologic circumstances, but do not prove the concept.' Others have attempted to reproduce the physiological counterpart of these anatomical findings in isolated tissue and animal experiments.3
The purpose of this report is to present our data in 27 patients (left bundle branch block in 25 and isolated left axis deviation in two) which suggest longitudinal dissociation in the His bundle. Stimulation from the proximal BH showed
